Background Total gastrectomy is a relatively difficult and invasive procedure among gastrointestinal surgeries, and major morbidities following total gastrectomy can be serious and fatal. This study aimed to develop and validate preoperative risk models of morbidities associated with total gastrectomy using a Japanese web-based nationwide registry. Methods The national clinical database was used to retrieve the records of 39,253 patients who underwent total gastrectomy in 1,841 hospitals between January 1, 2011 and December 31, 2012. Results Mean patient age was 69.1 years, and 73.8% of the patients were male. The overall morbidity rate was 21.5%, which included 8.1% with surgical site infection (SSI), 4.5% with anastomotic leak, 5.0% with pancreatic fistula, 3.7% with pneumonia, 1.9% with prolonged ventilation, and 1.2% with renal failure. Sex, splenectomy, and Brinkman index were selected as common risk factors for SSI, anastomotic leak, and pancreatic fistula. Pancreatectomy was the most significant preoperative risk factor in the risk model of SSI and pancreatic fistula. Need of assistance with activities of daily living, chronic obstructive pulmonary disease, previous cerebrovascular disease, American Society of Anesthesiologists score class 3 and over, presence of esophageal cancer, and body mass index more than 25 were selected as common risk factors for pneumonia, prolonged ventilation over 48 h, and renal failure. Conclusions We have created the first reported risk models of morbidities associated with total gastrectomy, using a Japanese nationwide database. The risk models developed in this study may be useful to preoperatively predict operative morbidities in patients undergoing total gastrectomy.
Introduction
Gastric cancer is the fourth most common cancer, the second most common cancer-related cause of death in the world, and one of the major causes of death in South America, Eastern Europe, and East Asia, including Japan [1, 2] . Surgery is often the most effective and the only curative treatment for early and advanced gastric cancer [3] . Total gastrectomy is usually indicated for tumors located in the upper third of the stomach or advanced gastric cancers extending to the cardia.
Total gastrectomy is a relatively difficult and invasive procedure among gastrointestinal surgeries, and major complications following total gastrectomy such as esophagojejunal anastomotic leakage and pancreatic fistula can be serious and fatal [4] . Gastric cancer patients frequently have anemia, malnutrition, or organ dysfunction resulting from tumor extension, which are thought to be preoperative surgical risks [5] . Recently, preoperative chemotherapy has been developed and the number of elderly patients with gastric cancer is increasing [6] [7] [8] [9] ; therefore, it seems that an increasing number of gastric cancer patients with preoperative surgical risks undergo surgery, including total gastrectomy. In contrast, in randomized control trials (RCTs) evaluating the short-term outcomes or efficacy of gastrectomy, the inclusion criteria generally exclude such elderly and high-risk patients; therefore, the cohorts in RCTs might not be representative of all patients undergoing gastrectomy nationwide [10, 11] . To date, there are few studies that have used a large patient cohort to describe a risk model of mortality or morbidity for total gastrectomy [12] [13] [14] . In addition, although the operative outcomes for gastrectomy have been reported from several high-volume centers [15] , the nationwide outcomes in Japan were unknown until recently.
The National Clinical Database (NCD), a nationwide, web-based, data entry system that is linked to the surgical board certification system in Japan, commenced patient registration in January 2011. Using the NCD data in 2011, the nationwide outcomes for several operative procedures including total gastrectomy have been reported, and a total gastrectomy risk model has been developed [13] . This surgical risk model likely represents the current status of total gastrectomy in Japan that is not affected by patient selection bias.
Although operative mortality is obviously the most important clinical endpoint, a focus on morbidity, which impacts a patient's functional status and quality of life and may result in patient death, is also needed to improve surgical outcome. In this study, we created a risk model of operative morbidities for Japanese patients undergoing total gastrectomy using the NCD data.
Methods

Data collection
In 2011 and 2012, the NCD registered 949,824 surgical cases that were in the gastroenterological surgery section. For eight procedures including total gastrectomy that were determined to represent the performance of surgery in each specialty, the input of detailed items such as laboratory data and operative morbidities was requested. The Brinkman index was defined as the number of cigarettes smoked per day multiplied by the number of years of smoking. Patients who declined to have their records entered into the NCD were excluded from our analysis. Records from which data were missing on patient age, sex, or status 30 days after surgery were also excluded. A total of 39,253 patients who underwent total gastrectomy at 1,841 institutions between January 1, 2011 and December 31, 2012 were eligible for analysis. In addition, clinical data of 18,744 patients who underwent total gastrectomy in 2013 were utilized to validate the risk models developed using NCD data in 2011 and 2012.
The NCD ensures traceability of its data by maintaining continuity in the staff who approve data, the staff of the departments in charge of annual cases, and the data entry personnel. It also validates data consistency via random inspections by participating institutions. All variables, definitions, and inclusion criteria for the NCD are accessible to participating institutions on its website (http:// www.ncd.or.jp/); the database administrators also provide e-learning systems to teach participants how to input data consistently. The administrators answer all inquiries regarding data entry, and ''Frequently Asked Questions'' are displayed on the website.
Endpoint
The primary outcome measure of this study was the preoperative risk factors related to morbidities after total gastrectomy: surgical site infection (SSI), anastomotic leak, pancreatic fistula, pneumonia, prolonged ventilation over 48 h, and renal failure, which were relatively frequent or closely associated with mortality.
Statistical analysis
Risk models for operative morbidities were developed and validated using the total gastrectomy population registered between 2011 and 2012. First, three surgical and three nonsurgical complications were selected for developing the risk models according to the frequency of each morbidity in the entire study population, impact on 30-day and operative mortality with high Pearson's correlation coefficient, and complications of clinical importance that could affect the quality of life or duration of hospital stay. Data were randomly assigned to two subsets, with 80% allocated for model development and 20% for validation testing. The development dataset comprised 31,415 records, and the validation dataset comprised 7,838 records. The six sets of logistic models, namely, SSI, anastomotic leak, pancreatic fistula, pneumonia, prolonged ventilation over 48 h, and renal failure, were constructed for the development dataset using a stepwise selection of predictors, with the p value for inclusion set at 0.05. A goodness-of-fit test was performed to assess how well the model could discriminate between patients with and without each morbidity. Model calibration, the degree to which the observed outcomes were similar to the predicted outcomes, was examined by comparing the observed with the predicted average within each of the five equal-sized subgroups, arranged in increasing order of patient risk. Risk models of operative morbidities developed and validated using NCD data registered between 2011 and 2012 were further validated using NCD data registered in 2013.
Results
Study population risk profile
The total gastrectomy patient population represented in the NCD had an average age of 69.1 years; 73.8% of the population was male. Among them, 2.0% required emergency surgery, 4.6% needed assistance with activities of daily living (ADL), and 21.4% had a smoking habit within 1 year. Weight loss of more than 10% was observed in 8.5% of patients. American Society of Anesthesiologists (ASA) scores of class 3 and class 4/5 were seen in 9.6% and 0.7% of patients, respectively. Preoperative comorbidities included diabetes mellitus in 16.0%, preoperative respiratory distress within 30 days in 2.3%, chronic obstructive pulmonary disease (COPD) in 4.2%, ascites in 2.0%, previous cerebrovascular disease (CVD) in 3.9%, disseminated cancer in 3.2%, and systemic sepsis in 0.4% of patients. An abbreviated demographic and risk profile of the study population is shown in Table 1 .
Morbidity
The overall morbidity in the total gastrectomy NCD population was 21.5%. Surgical complications included SSI in 8.1%, anastomotic leak in 4.5%, pancreatic fistula (grades A, B, and C) in 5.0%, and wound dehiscence in 0.9%. Nonsurgical complications included pneumonia in 3.7%, unplanned intubation in 1.7%, prolonged ventilation over 48 h in 1.9%, renal failure in 1.2%, central nervous system events in 0.8%, cardiac events in 0.6%, and systemic sepsis in 3.0% (Table 2) .
Model results
From the surgical complications, SSI, anastomotic leak, and pancreatic fistula were selected as having high frequency ([4%) and high impact on mortality or clinical importance ( Table 2) . From nonsurgical complications, pneumonia, prolonged ventilation over 48 h, and renal failure were selected as having high frequency ([1%) and a high mortality rate exceeding 20% (number of operative mortality/total number of events) ( Table 2 ). The final logistic models of surgical and nonsurgical complications, with the odds ratios (ORs) and 95% confidence intervals (CIs), are presented in Tables 3 and 4 , respectively. In the surgical complication risk model, sex, splenectomy, and Brinkman index were selected as common risk factors for SSI, anastomotic leak, and pancreatic fistula. Pancreatectomy was the most significant preoperative risk factor in the risk model of SSI, followed by systemic sepsis. Total bilirubin greater than 3.0 mg/dl was the most significant risk factor for anastomotic leak, followed by systemic sepsis. Similar to SSI, pancreatectomy was the most significant risk factor for pancreatic fistula, followed by splenectomy.
In the nonsurgical complication risk model, need of assistance with activities of daily living, COPD, previous CVD, ASA score class 3 and over, presence of esophageal cancer, and body mass index greater than 25 were selected as common risk factors for pneumonia, prolonged ventilation over 48 h, and renal failure. Preoperative ventilation within 48 h was the most significant risk factor in models of both pneumonia and prolonged ventilation. The presence of gallbladder cancer was the most significant risk factor for renal failure, followed by platelet count under 80,000/ ll.
Model performance
To assess the performance of the models, both the C-index and the model calibration across risk groups were evaluated using a randomly assigned 20% of the total gastrectomy population registered between 2011 and 2012. The C-index, a measure of model discrimination represented by the area under the receiver operating characteristic (ROC) curve, was 0.635 for SSI (95% CI, 0.613-0.657; p \ 0.001), 0.614 for anastomotic leak (95% CI, 0.585-0.643; p \ 0.001), 0.657 for pancreatic fistula (95% CI, 0.628-0.686; p \ 0.001), 0.726 for pneumonia (95% CI, 0.697-0.755; p \ 0.001), 0.758 for prolonged ventilation over 48 h (95% CI, 0.717-0.799; p \ 0.001), and 0.795 for renal failure (95% CI, 0.749-0.841; p \ 0.001) (Fig. 1) . Model calibration across risk groups was examined by comparing the observed with the predicted average within each of the five equal-sized subgroups. Calibration curves are shown in Supplementary Figure S1 .
To further validate the reliability of the risk models developed and validated using the NCD data registered between 2011 and 2012, ROC curves were calculated using the NCD data registered in 2013 and the C-index was evaluated (Supplementary Figure S2) . 
Risk models for gastric cancer patients undergoing total gastrectomy
Of the NCD total gastrectomy population, most (96.7%) were gastric cancer patients; however, there were other cancer patients, and 1.6% of patients underwent total gastrectomy for diseases other than cancer. We developed preoperative risk models of six morbidities: SSI, anastomotic leak, pancreatic fistula, pneumonia, prolonged ventilation over 48 h, and renal failure for gastric cancer patients undergoing total gastrectomy. Patients without cancer, and those with esophageal cancer, colorectal cancer, gallbladder cancer, and metastatic or relapsed cancer, were excluded from the analysis.
Patient background data including age, body mass index, and preoperative activities of daily living were very similar to those of the overall total gastrectomy population (Supplementary Table S1 ). In the surgical complication risk model, systemic sepsis that had high ORs in the overall population was not selected as a risk factor for SSI or anastomotic leak in the gastric cancer population (Supplementary Table S2 ). Total bilirubin over 3.0 mg/dl or under 0.2 mg/dl was not selected as a risk factor for anastomotic leak in the gastric cancer population (Supplementary Table S2 ), although the former was the most ADL activities of daily living, ASA American Society of Anesthesiologists, COPD chronic obstructive pulmonary disease, PCI percutaneous coronary intervention, PVD peripheral vascular disease, SD standard deviation significant risk factor for anastomotic leak in the overall population (Table 3 ). In the nonsurgical complication risk model, smoking within a year was selected as a common risk factor for pneumonia and prolonged ventilation over 48 h in the gastric cancer population (Supplementary  Table S3 ). Chronic steroid use was a common risk factor for pneumonia, prolonged ventilation over 48 h, and renal failure with high ORs in the gastric cancer population (Supplementary Table S3 ). Preoperative pneumonia, systemic sepsis, or total bilirubin above 3.0 mg/dl for pneumonia, preoperative ventilation for prolonged ventilation over 48 h, and congestive heart failure or acute renal failure for renal failure were not selected as risk factors in the gastric cancer population (Supplementary Table S3 ).
Discussion
Surgery has been an effective treatment for gastric cancer, and gastrectomy with D2 lymph node dissection has become a worldwide standard surgical treatment for localized gastric cancer, as several clinical trials have shown its superiority not only in Japan and South Korea but also in Europe [16] [17] [18] . However, total gastrectomy is still recognized as a difficult surgical procedure with a high morbidity and mortality rate [4] . In Japan, gastrectomy, including total gastrectomy, has been commonly performed for early and advanced gastric cancers not only in highvolume centers but also in many general hospitals with a relatively small number of gastric cancer patients. As RCTs usually enroll patients below a certain age limit without serious comorbidities in limited institutions, these studies do not entirely represent the current status of surgical procedures in Japan. In the present study, we have unveiled the current nationwide status of total gastrectomy in Japan and the first established risk models of operative morbidities for total gastrectomy. In the present study, the C-indices of the models for the three surgical complications were lower (0.614-0.657) than those for the three nonsurgical complications (0.726-0.795). It seems that nonsurgical complications were more strongly affected by preoperative functional status, comorbidities, and laboratory data. In contrast, surgical complications can be directly affected by the surgeon's skill and indirectly affected by operative factors such as operation time and bleeding, rather than preoperative conditions. Although other factors related to surgery such as operation time and blood loss may affect surgical complications, the present study utilized only variables that were available before the operation and could not be affected by surgeons to develop a risk model to predict surgical risk preoperatively. The NCD collaborates with the American College of Surgeons National Surgical Quality Improvement Programs (ACS-NSQIP), which shares a similar goal of developing a standardized surgery database for quality improvement [19] . Patient variables and definitions were almost identical to those used by the ACS-NSQIP. In a previous study, the nationwide mortality rates after total gastrectomy were first reported to be satisfactory using the NCD data in 2011, and a risk model of mortality was established for Japanese patients undergoing total gastrectomy [13] . The mortality and morbidity rates in the current study utilizing the NCD data in 2011 and 2012 were comparable with those in the previous study utilizing the 2011 data alone, suggesting that the characteristics of total gastrectomy in Japan as well as the NCD data collection are stable and reliable. In addition, it should be noted that Japanese surgeons are very familiar with gastrectomy because gastric cancer is one of the most commonly encountered diseases in Japanese surgical units. These facts potentially explain why such a large amount of patient data from a large number of institutes was constantly corrected and was of high quality throughout the 2 years.
Among surgical complications after total gastrectomy, SSI was the most frequent, followed by pancreatic fistula and anastomotic leak. Pneumonia and transfusion were the ADL activities of daily living, ASA American Society of Anesthesiologists, BUN blood urea nitrogen, CI confidence interval, CVD cerebrovascular disease, eGFR estimated glomerular filtration rate, OR odds ratio, PCI percutaneous coronary intervention, PT prothrombin time, PT/ INR prothrombin time/international normalized ratio, PVD peripheral vascular disease most frequent nonsurgical complications after total gastrectomy, followed by systemic sepsis and prolonged ventilation over 48 h. Pancreatectomy was the most significant factor in both risk models of SSI and pancreatic fistula. Because surgical complication is strongly influenced by the surgical procedure itself, it is understandable that surgical procedures such as pancreatectomy and splenectomy were selected as risk factors. During the total gastrectomy procedure, splenectomy was usually added for D2 lymph node dissection in Japan, including the splenic hilar lymph node, although European RCTs comparing D1 and D2 lymphadenectomy for gastric cancer demonstrated significantly increased morbidity and mortality with splenectomy or pancreatosplenectomy in D2 total gastrectomy [20, 21] . In contrast, pancreatectomy is sometimes inevitable because of tumor invasion into the pancreas or may be performed as combined pancreatosplenectomy for extended lymph node dissection in some cases. In the NCD population, splenectomy and pancreatectomy were performed for 7.8% and 2.1% of patients undergoing total gastrectomy, respectively. In contrast, previous reports from Western countries have reported higher rates of splenectomy and pancreatectomy that were performed simultaneously with gastrectomy [12, 22] . Although it is difficult to compare clinical data in other countries with the NCD data, it seems that a relatively smaller number of patients undergo splenectomy with or without pancreatectomy simultaneously with gastrectomy in Japan, which is perhaps related to differences in patient characteristics, including tumor stage. The number of patients undergoing splenectomy simultaneously with gastrectomy may be further decreasing in the future. In a multi-institutional RCT in Japan, the noninferiority of spleen preservation to splenectomy, regarding overall survival, has been recently confirmed for patients with proximal gastric cancer not invading the greater curvature [23] . Of the NCD overall total gastrectomy population, the great majority (96.7%) consisted of gastric cancer patients. Additionally, a small portion of patients had esophageal cancer (0.5%), colorectal cancer (1.8%), or gallbladder cancer (0.1%) at the time of total gastrectomy, and had simultaneously undergone operations for those cancers. In addition, those cancers were selected as risk factors for operative morbidities: colorectal cancer for SSI and anastomotic leak, esophageal cancer for the three nonsurgical complications, and gallbladder cancer for renal failure. Although the occurrence rates were relatively low, those synchronous cancers appear to be significant risk factors for surgical and nonsurgical complications with high ORs. In the risk models for gastric cancer patients undergoing total gastrectomy, those factors were not selected naturally because patients with other cancers were excluded from the analysis.
Japan is known for its longevity, with an increasing percentage of the population aged [80 years: 7.1% in 2012 compared with 0.7% in 1960 [24] . Inevitably, an increasing number of elderly patients have undergone gastrectomy, including total gastrectomy, in recent years [8] . It has been reported that elderly patients are more likely to have comorbidities compared with young patients [25, 26] . Consistent with previous reports, age category was the risk factor for five morbidities, other than pancreatic fistula, of six morbidities analyzed in the present study [12, [25] [26] [27] . On the other hand, it is likely that less-invasive surgery would be selected for elderly patients with minimal lymph node dissection compared with younger patients. Therefore, further studies are needed to clarify the relationship between age and operative risk.
In our earlier report, the most important variable affecting 30-day and overall operative mortality rates after total gastrectomy was the ASA score [13] . In contrast, the ASA score minimally affected the risk model of either surgical complications or nonsurgical complications in the current study. It has been suggested that the ASA score is more likely to represent the patient's general condition, which can affect operative tolerability or survival, based on its advantages of simplicity and universal use as an effective risk indicator.
There are some limitations in the use of the NCD dataset, including a lack of clinical information such as tumor location, intraoperative factors such as bleeding, and the extent of lymphadenectomy. In addition, our study does not capture known long-term complications or postoperative sequelae such as dumping syndrome or malnutrition, because data collection was terminated 30 days after the operation in each case. However, our study highlights the current status of total gastrectomy in Japan, and the created risk models of operative morbidities are expected to be useful tools to preoperatively predict short-term outcomes of total gastrectomy and to compare the quality of surgical outcomes in a risk-adjusted fashion.
In conclusion, we have created the first reported risk models of morbidities associated with total gastrectomy, using a Japanese nationwide database. The total gastrectomy mortality and morbidity rates in the nationwide population-based cohort were satisfactory. The risk models developed in this study may be useful to preoperatively predict operative morbidities and to compare the quality of surgical outcomes in a risk-adjusted fashion in patients undergoing total gastrectomy. a research grant from the Japanese Ministry of Health, Labour and Welfare.
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